Cell wall preparations from green pericarp of normal and mutant Neverripe (Nr) and ripening inhibitor (rin) tomato (Lycopersicon escudentum Mill.) fruit were all equally degraded in vitro by a cell wall-bound protein extract from ripe normal tomatoes.
During tomato fruit ripening, cell walls show a large loss of galactose residues and a smaller loss of arabinose and uronide residues (2) . This is accompanied by an increase in water-soluble pectin (10) . Protein extracts from ripe tomatoes have been shown to contain several polysaccharide-degrading enzymes, and to solubilize tomato cell wall material in vitro (13) . One of these enzymes, polygalacturonase, has been shown to be absent in green fruit and to increase in activity during ripening (3) . This increase in activity is due to de novo synthesis of the enzyme (Tucker, Robertson, and Grierson, unpublished) . Polygalacturonase is thought to play a role in softening since the softening rates of several tomato cultivars can be correlated to their polygalacturonase activity (4) .
Several ripening mutants of tomato are available. Two of these are deficient in polygalacturonase activity. The Never-ripe (Nr) mutant has reduced levels of polygalacturonase activity (5) due to the synthesis ofonly one out oftwo naturally occurring isoenzymes (12) . This mutant exhibits a correspondingly slow rate of softening (11) . The ripening inhibitor (rin) mutant produces no, or very little, detectable polygalacturonase enzyme (12) . This mutant does not soften to any great extent (11) . However, it has been shown that after about 6 weeks in storage, rin fruit show the characteristic drop in cell wall galactose residues associated with the ripening of normal fruit (2) .
The relationship between polygalacturonase activity and soften- Extraction of Cell Wall-Bound Proteins. Total cell wall-bound proteins were obtained from the pericarp of normal, Nr and rin fruit by homogenization in water, centrifugation, and then elution of cell wall-bound protein from the pellet into 1 M NaCl (pH 6.0) as described previously (12) . Polygalacturonase isoenzyme 2 was purified by chromatography on Sephadex DEAE A-50 and G-100 as described previously (12) .
Enzyme Assays. Polygalacturonase was measured by following the production of reducing groups from polygalacturonic acid as previously described (12) . Activity units are expressed as ,umol galacturonic acid formed min-'. Pectinmethylesterase was assayed in 10 ml 50 mm NaCl, 0.5% citrus pectin (pH 8) at 25°C. The pH was monitored constantly over a period of 2 min and held at pH 8 by the addition of 1 M NaOH using a microsyringe. Results are calculated as ueq min-1. fi-Galactosidase was measured by following the release of nitrophenyl groups from p-nitrophenol-,f-Dgalactopyranoside at pH 4.6 (14) . Cellulase was measured by following reduction in viscosity of a 1% solution of carboxymethylcellulose (pH 6 [15] ). Protein was measured by the method of Lowry et al. (6) using BSA as a standard.
Preparation of Cell Walls. Crude cell wall preparations were obtained from green pericarp of either normal mature green tomatoes or mature green mutant fruit. The pericarp was homogenized in distilled H20 and centrifuged at 2,400g for 10 min. The pelleted material was washed with 1 M NaCl (pH 6) at 4°C for 3 h to remove cell wall-bound proteins. The suspension was centrifuged for 10 min at 2,400g. This pellet was resuspended in 0.15 M NaCl, 50 mm sodium acetate (pH 4), and stored frozen at -200C.
TOMATO CELL WALL DEGRADATION IN VITRO
Assay for Cell Wall Degradation. Cell wall degradation in vitro was followed by measuring the production of reducing groups by the method of Nelson (8) It is possible that the cell wall structure was altered during the preparation of the cell wall material, e.g. by the removal of the cell wall-bound proteins, and that this masked differences which existed in vivo. However, experiments using cell walls prepared employing only homogenization in water and then centrifugation, i.e. with cell wall proteins in situ, gave results similar to those presented in Figure 1 using normal Plant Physiol. Vol. 69, 1982 and Nr extracts were the same. This suggests that polygalacturonase plays a major role in cell wail degradation.
Cell Wall Degradation by Purified Polygalacturonase Isoenzyme 2. Polygalacturonase isoenzyme 2 was purified from ripe normal tomatoes as described (12) and its ability to degrade green cell wall preparations was compared with the activities of total cell wail-bound proteins from normal, Nr, and fin fruit (Fig. 2) .
The purified enzyme was effective in degrading ceil wail preparations, and on the basis of reducing groups released per unit of polygalacturonase, it was as efficient as both the extracts from normal ripe tomatoes and mature orange Nr fruit. This suggests that the release of reducing groups brought about by cell wallbound proteins is due solely to the polygalacturonase activity in the extracts. Further support for this idea was obtained by testing mixtures of purified polygalacturonase 2 and cell wall-bound proteins from mature yellow rin fruit (Fig. 2) . Supplementing the rin extract with polygalacturonase 2 resulted in a degree of cell wall degradation similar to that obtained with protein extracts from normal ripe fruit. This suggests that the lack of ability of rin extracts to release reducing groups from cell wails is due to the lack of polygalacturonase activity. Furthermore, rin extracts do not appear to contain any factors which enhance or inhibit cell wail degradation by polygalacturonase 2.
pH Optimum for Cell Wall Degradation. The optimum pH for the release of reducing groups from salt-washed cell wall preparations from green tomatoes, using wall-bound enzymes, was found to be pH 4.0.
This was routinely used in all our experiments. No reducing groups were released above pH 6.0 (Fig. 3) . Total cell wall-bound proteins from rin fruit had no activity at any of the pH values tested. The pH-activity profile for polygalacturonase 2 was also determined, using the artificial substrate polygalacturonic acid (Fig. 3) . In this case, the optimum pH was 3.8 and activity ceased above pH 6 .0. The similarities in the pH profiles suggest that the major enzyme present in wall-bound enzyme preparations from normal ripe tomatoes which releases reducing groups is polygalacturonase.
Possible Role of Polygalacturonase in Vivo. These results show that purified tomato polygalacturonase 2, which is the main isoenzyme form in ripe fruit (12) , is capable of degrading tomato fruit cell wall material in vitro. The results also show that polygalacturonase is the major fruit enzyme in cell wail-bound protein extracts responsible for wall degradation. Some structural changes may have occurred during the preparation of the cell walls, however, and some caution should be exercised in drawing conclusions about the in vivo situation. Other enzymes may also play a role in softening, including some that may have been lost in the water-soluble fraction during preparation of wall-bound proteins. Cellulase activity has been reported in ripe fruit (1) and mature rin fruit (9) . The absence of cellulase from our preparations (Table  I) suggests that this enzyme may have been lost in the soluble fraction.
Nevertheless, our findings and the correlation between polygalacturonase content and softening of mutant fruit (11) strongly suggests a key role for polygalacturonase in tomato fruit softening during ripening.
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